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A Focused Review of Propulsion System Operations 

at the Launch Site 

The initial OEPSS effort was to focus on a more complete review of propulsion system operations 
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The OEPSS Team was Formed 

The OEPSS team formed to conduct the propulsion system study is depicted. The Boeing 
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Kennedy Space Center Performs a Self-Examination 

The primary focus of this final briefing will be Option I and II of the OEPSS study as the effort 
continues to reap the benefits of a thorough review made of launch activities and problems at 
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Kennedy Space Center Performs a Self Examination 







A Global Review of Launch Site Operations 

The shuttle ground operations efficiencies/technologies study (SGOE/T) was the initial Kennedy 



A Global Review of Launch Site Operations 






OEPSS Objectives 

The original focus of the OEPSS study was to generate a generic liquid propellant vehicle and 
associated launch site operations data, and use this as a barometer to evaluate operations efficiency 
of various orooulsion svstem concepts. However, very early in the study, the effort was refocused 
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OEPSS Objectives 
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Transportation System Customer and Operator Needs 

All too often we lose sight as to who is the customer and who is the operator and what each desires. 
The customer, or the owner of an expensive payload, wants to get his product in space safely, 
quickly, and cheaply. He really is not interested in the delivery system until he finds his product 
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What is a Propulsion System? 

The words "propulsion system" mean different things to different people. Probably the majority 
would associate them with a standalone engine, or the component that produces thrust. However, in 
reality, it is not just a single component, but an assembly of all the components, and the support 
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t 



c 


o 


Q 

> +- 

a> 

CO 

o 

o 

CD 


Q. 

> 

75 

CD 

3 


CO 


=3 




CO 

c 

0 

1 § 

E * 

& ^ 
c O 

<D 

= C 

A >% 

I 2 

x s 

8$ 
cc oc 




E 

a> 

0) 

> 

CO 

c 

o 

■ MB 

o 

*: 

LU 


CO 

c 

o 

mw^m 

cs 

<5 

Q. 

o 


E 

c 

VMM 

E 

co c 

5 « 

■o •- 
o>> 

.E 2 

> Q. 

o> £ 

1 _ — 

O 0) 

■*- s 

«_r co 
CO £ 

El 

Sf 

of co 

Is 

.E co 
co 0 

co co 

— o 

+* r 
CO +* 

£ co 

0>£ 
c co 
O c 

.2 E 


E = 

CD " 

« 2 E 

£»3 CD 
c "" >* 

o O CO 

f M 

OH c 

St 0) 

*5? ■ •— 

o (0 o 

>*T> 5= 
C C >» 

•2 co co 
a c c 
coo 

® ‘<3 *3 
Cl co co 
o *- l - 

'l CD CD 

c a. o. 
< o o 


Facing Pages 
TH/Bv 10/6/93-7 


OPERATIONALLY EFFICIENT SYSTEM 


« 

0 

0 

C 

E 

• am 
0 


Vi 

o 

o 

3 

T3 

0 

•v 

V) 

0 


Q. 

E 

w 

"cc 

£ 0 

E 0 

S E 

0 0 

0 3 

O 0 
0 

»s 

O 
0 ’3 

> £ 
>» 0 
c ft 
< o 


o 

<: 

o 

Q_ 

C 

0 

E 

0 

0 

0 


0 

O 

O 

0 

£ 

O 


0 

0 

C 

*0 

E 


CO 


0 


.0 




’o 


0 




C 

>N 

0 


E 

15 

CL 

0 

’d 

0 

O" 

Q_ 

0 

O 

0 

(— 

0 

D) 

0 





c 

o 

0 

i_ 

0 

Q_ 

O 

"0 

> 

0 

C 

0 

‘o 

’c 

x: 

o 

0 

• 



Rockwell International Backup A to 

RocKctdyn* DIvMon OEPSS Study T fe6 



Launch Site Systems Create a "Nightmare" 

in Process Scheduling 

A typical illustration of the technical disciplines and operations support required for flight 
system checkout is shown in the figure. It is not surprising that operations support is 
complex, manpower-intensive, time-consuming and costly. A launch system that consists 
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The Foundation of OEPSS 
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The Voice of Experience 

For the first time in the history of launch site operations, the launch site was identifying and 
documenting major categories of cost drivers based on 35+ years of experience at the launch site. 
The list was oriainallv assembled by the members of the OEPSS team that represented the 35+ 




The Voice of Operations Experience 

OEPSS Identifies Major Operations Concerns and Impacts 
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23 System contamination 
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Quality Management (TQM) will further ensure that "operations" becomes interactive and an integral 
part of the total program cycle. 

OEPSS Is Interactive 
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Operations Enhancing Technology 
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Operations Focus on Technology Required 

• Traditional propulsion technologies have not focused on operability 
• Increased performance 
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Operations- a new class of technology 



Goal of OEPSS Technologies 

The intent of producing an OEPSS technology list, from the standpoint of assessing operations and 
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Technologies must be matured to allow use by propulsion 
system and component designers in existing or new programs 




Origin of OEPSS Technologies List 

The basis for the OEPSS technologies list is in addressing the operations concerns. This allowed the 
identification of critical components and subsystems. In this case, critical components were those that 
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Origin of OEPSS Technologies List 



Identified operations technologies that have high payback 

and are achievable 
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Guidelines Used in Defining OEPSS Technologies 

...evaluate minimum commodity and maximum integration approach to derive a 
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Operations-Focused Technology 

(Contd.) 

• Combined hydrogen/oxygen systems (MPS, OMS, RCS, ECLSS, fuel cell) (3) 
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Technology Applicable to a Wide Range of Vehicles 
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Operations Technology Levels 

I Basic Technology Research 
• Rocket engine, air augmented, afterburning (1 ) 

II Research to Prove Feasibility 
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Operations Technology Levels 

(Contd.) 

• LOI software (2) 

• Aft (closed) compartment (2) 
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• Antig^yser LOX tank aft propulsion concept (9) 



Example Operations Technology 

Several operations technologies with substantial payback in reducing operational requirements 
and increasing operations efficiency are selected to illustrate near and far term technology levels. 
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Air Augmented Ejector/Rocket Preliminary Results 

Air augmented thrust, with fixed geometry ideally achievable by after- 
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Flash Boiling Tank Pressurization 

Technology 
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Flash Boiling Tank Pressurization Technology 
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Flash Boiling Tank Pressurization 
Technology (Cont.) 
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Flash Boiling Tank Pressurization Technology (Contd.) 
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Simple Low Cost Innovative Concept Turbopump 
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Simple, Low Cost Innovative Concept (SLIC™) Turbopump 

Simplicity Now Reality 
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Simple, Low Cost Innovative Concept (SLIC™) Turbopump 

Simplicity Now Reality 

• Unique design objectives 
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1/5 traditional schedule 

Feasibility of concept has already been 
demonstrated 
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Space Propulsion Synergy Group and OEPSS 

are in Agreement 
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Space Propulsion Synergy Group and OEPSS 

are in Agreement 

• Identification of high value/payback technologies 

• Good benefit, low cost and/or risk 
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ETO Technology Assessments 
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Martin Marietta Manned Space Systems 


OEPSS-ldentified Technologies 
Meet "Leap-Frog" Technology Criteria 
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OEPSS-ldentified Technologies 
et "Leap-Froq" Technology Criteria 
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OEPSS-ldentified Technologies 
Meet "Leap-Frog" Technology Criteria 


o> 

c 

0 ^ 
c 0 

tsf 

CD 0)0 
1_ C 0) 

JSio-Q 

3 3 <0 
"g CO.® 

2 £ o) 
E ^5 o 
"O c o 

<D CD C 
■3 .Q -C 

III 

|°«s 

t- r 

• 2 § 

£ o. 2 

— o & 

Q. 

o 

CO 

«-= w 
p- c T 3 
C O) © 

-- 'ft o 
o c 

*- CO CO 

og® 

CO %- 


c ^ 
o c 
E g 
o .9 


O Q. 


0 ) 


o.® tr 

Q. O) 3 
CO 

s CO CD 
o >-£=.0 

2 if p 

U_ CO 3 

i 

CO o > 

® or 

■ ic 8 
■ 2§2 
£ co a 

a i §• 

r- O' co 

o *E !E 
§ =K- 
S W -X 

&EJ 

2 ^§*« 
© o-o 43 
.c © c «o 

o c-gro 

< 8 .2 Jo 


Rockwell International 

Rocketdyne Division OEPSSTechFPagoT- 21 



CO 

0 

(/> 

0 E 

o>^ 
o >, 

If 

sz o 
o c 

0- C 

H o 

■U|2> 

01- 

£ o) 
c o 
0 
"O 
"T Q. 
C/) 0 
0) 0 

at 

O 0 
0 


> 

co 

E 

co 

o> 

o 


c 

o 


CO 

c 

fl> 

c 

o 

CL 

E 

o 

o 

o 

'5T 

E 


Ui 

E 



1 

Q. 

o 



O 

© 

E 

<D 

© 

A 

© 

C 

BHHB 

> 

d> 

E 

to 

O) 

c 

■o 

3 

c 

>* 

CO 

HI 

o 

■D 

■o 

BOTH 


S 

© 

3 

CO 


O 


3 

"O 

i 

to 

3 

■o 

i 

O 

o 

CO 

CD 


2 

LL 

QC 

H 

■o 

• 

• 

• 

G) 




E 








O) 




0) 




C 





co 

o 

o 

c 

0) 

E 


<D 

> 

<D 

75 

75 

c 

o 

BMW 

B^M 

■o 

0) ctt 
Ui £ 

iS !£> 

<0 T- 

<D *- 
“ co 

c ^ 
c 0) 

of CO 

® E 


E 

o 

to 

>* 

CO 

73 

fl> 

2 

a> 

5 


co 

4> 


a> 

> 

to 

£ 

a> 

co 

c 

o 

o 


OEPSS Study Tree 2 

Rockwell International th/Bv 9/2/93-17 

Rocketdyne Division 


Technology Assessment at the 
Transportation System Level 
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Maximized technology benefits can only be quantified, 
achieved and understood at the transportation system level 



Traditional Launch Facility 
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Operationally Efficient Launch Facility 

If the operations technologies identified by the OEPSS study (such as EMA's, no purge system, flash 
boiling pressurization systems, single propellant combination system, etc.) are successfully 
developed and implemented, this would result in eliminating massive ground support infrastructures 
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...Operations interactive in the design cycle will eliminate 
many launch site activities allowing systems to be 

available and responsive 
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"...Operations interactive in the design cycle 
will eliminate many launch site headaches...' 
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Operations-Driven Propulsion System 

Architecture 
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Operations-Experience Based Architecture 

In view of the many operations concerns that exist for current launch systems, the OEPSS study 
endeavored to apply its extensive operations experience base to find ways to greatly simplify and 
reduce operational requirements in future new systems. Concentrating on the propulsion system, the 
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Evolving Approach to Operations-Driven Architecture 
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Evolving Approach to Operations-Driven Architecture 
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Operational Experience and Principles 
of Continuous Process Improvement 

Drive Architecture 

In the successive process of exploring the system architecture of the three different propulsion 
system applications, the benefits of Continuous Process Improvement, or CPI, were most evident. 
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Operational Experience and Principles of 
Continuous Process Improvement 
Drive Architectures 
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Operations and Operability Impacts 
on Booster Propulsion 
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Operations and Operability Impacts 
on Booster Propulsion 
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Integrated Booster Propulsion Module 

A fully-integrated, operationally efficient booster propulsion module is depicted. A significant reduction in 
major hardware and a simplified propellant feed system were achieved by utilizing a parallel manifold 
system of components. The major difference between this system and a conventional system is that a 
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BASELINE ALS VEHICLE 






Conventional Booster Propulsion System 
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Integrated Booster Propulsion Module 

A fully-integrated, operationally efficient booster propulsion module is depicted. A significant reduction in 
major hardware and a simplified propellant feed system were achieved by utilizing a parallel manifold 
system of components. The major difference between this system and a conventional system is that a 
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Integrated Propulsion Module 
Engine Subsystems 
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Integrated System has Operating Margin 
and Fault Tolerant Capability 
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Integrated System Has Operating Margin and 

Fault Tolerant Capability 
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Turbopump Operating Conditions 
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Booster Propulsion Module 
Hardware Comparison 
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BOOSTER PROPULSION MODULE HARDWARE COMPARISON 

Separate Engines vs. Integrated System 

I I Separate Engines I Integrated System (Static) | 


< 

l n 


o 


Q O 
CO 

§- 6 
3 o> 
o « 
<0 O 
CQ (0 


GO 

< 

8 


0 ) 

c 

a> 

c 

8.1 

E 

o 

O 


z 


CO co coco 


\ 


(0 

c 

0 ) 

c 

8.1 

E 

o 

O 


r— r— r — r— 


tn 

c 

a 

E 

a> 

LU 

<D 

C 

o> 

c 

LU 


. © 
E 

03 

l-c 

a 

co 

Z3 


£-2 53 
O.© o Ej 


Tt ^ ^ CM 


n. f^ 


CL 

E 

O 

c 5 

u- 

O 

c 


O E 

JQ 13 

£ o 

- -2 
CD ^ 
N £ 

2 © 
>< 13 

O U- 


a c e 

m m 03 


CD 
03 

c 

03 

JZ ^ 
O CO , 

_ X >* 

©LUOD 

00 ^ 

03 CD i2 
CD X C/D 


o o 


h- h- 


co 

g 

c 

o 

'> 

03 


CD 


03 O 

c 


< c 
O o 
Q-O 


03 

0 

JC 

75 

-Q 

E 


03 

3 

O 

03 

15 

-Q 


E 

CD b 


rt O CO^f O O COCVJCOCOO 
C\J 


^ ^ ^ n ooor^ 


CO 
0 
CO 
0 


o 

15 


c w 3 
— 0 


c 


a 


2 = 0 = 




c.E 

0 CD 

0 5 

Q- x 

O 03 

CL LL 


*- 0 

®> 

C 0 
— > 
T3 c 
0 ~ 
X 0 


0 

0 

jZ 

S 

o 

13 

T3 

CO o3 
© > 
£ O 
© £ 
Id o 
Ql 6 


0 
0 
C 
T3 = 


0 
0 
C 

0 
g> 

x: 

25 0 ^ 
a. £ o 

H" 0 ) 1 "“ 
CL .E CL 
Id 


E c 
0 


c: 

13 

o 


0 CD 
3 c 
§'p 5 | 


a) 


03 0 

o 

20 


CO 


CD 

C 

0 

1 

4 > 1 
c I 

c 

® ? 

i i 

u 5 
O 8 
CC c 




Booster Propulsion Module Reliability 
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BOOSTER PROPULSION MODULE RELIABILITY 

Separate Engines vs. Integrated System 
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Booster Propulsion Module System 
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Integrated Propulsion Module - Engine Element 
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Integrated Core Propulsion Module 
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Payload Capability Using Integrated Engine Elements 
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PAYLOAD CAPABILITY USING INTEGRATED ENGINE 

ELEMENTS 

• P/L = 60,000 to 300,000 lbs 
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Integrated Architecture Increases Operability 

The integrated BPM allows the use of a single H e-pressurization system, a single LOX- pressurization 
system and a single avionic/control system. Together with the engine-element approach, this results in 
nearly 50 % reduction in primary components and therefore achieves high operability and reduced 
operational requirements. Moreover, the architecture is robust and fault tolerant and has high system 
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Integrated BPM Generated Many Questions 
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Integrated BPM Generated Many Questions 
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Computer Model Generated for BPM 
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mputer Model Generated for BPM 
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Methodology for Transient Simulation Modeling 
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METHODOLOGY FOR TRANSIENT SIMULATION MODELING 
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Transient Dynamics Simulated for the 
Integrated Parallel System 
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Over 150 computer simulation runs 




Effect of Valve Sequence 
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EFFECT OF VALVE SEQUENCE ON 
THRUST CHAMBER MIXTURE RATIO 
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EFFECT OF THRUST CHAMBER-OUT ON 
THRUST CHAMBER PRESSURE 
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High Reliability and Operational Efficiency 
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BPM Meets High Reliability and Operational Efficiency 



Operations-Driven BPM Results 
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Operations-Driven BPM Results 
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Preliminary Development Plan Groundrules 
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PRELIMINARY DEVELOPMENT PLAN GROUNDRULES 

Integrated Propulsion Module 
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Capable of testing "integrated" sub-systems, single 
engine-elements and multi engine-elements 



Advantages of an Integrated Propulsion Module 
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ADVANTAGES OF AN INTEGRATED PROPULSION 

MODULE (P/M) 

• Propulsion module sub-systems designed and tested with 
engine-element (problems surfaced early) 
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• Higher overall reliability because of reduced number of major 
components and subsystems 
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Space Operations Goals 
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Space Propulsion Modular Configuration Assessment 
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SPACE BASED PROPULSION MODULE 

Lunar Excursion Vehicle (LEV) 
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Integrated Propulsion System Throttling Capability 
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Integrated Propulsion System Single Failure Tolerance 
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Integrated Propulsion System Double Failure Tolerance 
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Operations and Operability Impacts 
on Upper Stage Propulsion 
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IME-Air Force Conceptual Architecture Study 
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IME Design Evolved through QFD Process 



Maximized benefits by driving architecture 
with operations support as the focus 
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Requirements Drive the Architecture Solution 

Customer "Wants" Weighting Factors Percentile Ranking o^jConcepts 
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IME Propulsion Concept Family 


© (/) 

JQ P 

® m m ^ ® m 

_q o eg © w o 

SZ SZ +-* ^>*£3 

c — o c Jo g 

O C CO 
c o -c 

E w o 

k — -•— » 


CO O- 
o zz 

c ^ = 
D) c £ 


w 

3 


= — VJ — 

■5> | 5 «5 to 
® o-^E o ^ 


e o_ Q-r 

rA /n TS 


® " -a “• - 

s£Sl “2 

Si o--§-Q 
« © c E 

C X £ c 3 

~ © 2 **- c 

©q=^£ O 0 

3 ? 

!-“§.! . 1 * 

Ic E co iS Z DJ 

ra co .c tj c rJc 
© ® c o 

? 3 >, 

3 r.% 3 « J 2 

© g E — go 

” I 4 3 © .1 

Q -3 Z a? ?a 

O O’ W Q. © Q. 

c 2 g E E ® 
o «- ~ o © c 
o c rn o ^ O) 

E S> § co « « 

" 8 8 i-S g 

£ VJ c -S c © 

.2 © c w (Q q. 

w '55 3 w 
5co w^o 

s-s.fr* is 

“ etc O p 
o £ a. k 

"St — <D ^ 'Z; </) 
CD ^ 4-* o CO 4-» 

CD S C CD 


t-L 

o.E 


CO 


w — 

E o 

ID "O 


|®I 5 

•£«s 


CD 

</) 

Q. 

E 

3 

Q. 


z- ■» co 

_12 <3 ® >•“ _ 

- o-E? o-g o 
a> co o a o -H .q 
.c "O -B* .b= -E ^ 
K co co co -a £ 5 


in 


w 

a 

§ 


o> 

> 


ca 

x 


rc 

c 

0 

1 O 
£ « 

0 > 

C a 
— © 
= c 
6> >> 

1 2 

5 S 
S o 

O o 
QC X 




IME Propulsion Concept Family 



Non-constraining requirements 
allowed creative system approaches 
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IME Operations-Driven Features 


© 

D) 

co 

CO 

© 

G) 

C 

JN ’n 

51 

x I 

2 £ 

E o> 

® n 

CO <D 

>» ~o 

W -D 
■O 0> 

3 2 
© 

il 

H < 


0) 

E 

© 

o 

© 

Q. 

o 


c 

c * 

§ a 

CL CO 

E £ 

o e 

o .= 

o 

£ E 

£ 2 
o co 
— >% 

2 co 
0) (0 
£ O 

CD CC 

3 CM 

O- X 
c O 

^ >< 

. o 
o 


0) 

CO 

c 

© 

© 

Q. 

O 

o S 

o 

D) 5 

V. > 

s.< 
>» 2 
X LLI 


© 

CO 


"3 

© 

CO 


_ E 
E ^ 

CO < 

o 

■3 o 

CO = 

E 

3 
© 


© 


0. X 


o ■O 

> a 

H g 

si 

■O = = 
© J5 © 

| ! E 
.£ £ « 
E ■= co 

= .2 >» 
© *g co 

| £ 1 
.2 © 7= 

© 3 = 
x q o 


>* 

“O 

3 

55 

co 

CO 

CL 

UJ 

O 


00 

up 

CO 

gj 

co 

eg 

00 
> 

1 


CO 



o > 
c Q 


“ © 

= c 
O >* 
> "O 
S 

f -s 

c c 






2 co 
"O o 

© So 

N £■ © 

E ■£ o 

.= «p „ 


till 

l|H 
®|§£ 
O O) 0.0 

tr o o 3 

£ zz < 

s • • • 


© CO 

■= O O 

® 3 4-» 

0 CO co 

i= E E 

S 2 2 

■S 3 3 

® © CO 

"2 ^ ^ 

£ c c 

©CO © 

-s *H 

1 s s "« 

? 1 1 s s 

,£* Jr ^ £ ■© TJ 

o o 2 o © P 

— 1 <0 O © o *“ 

co co .2 co © c 

Q. X Q- CM 23 

b EO El o 

O 3 -I 3 -j 

•" A _ 


O- c c o> 


S x <K 

ISf 


— (Dm 
® £ « 

£5* 


Major operations cost reduction 



IME Focused on OEPSS Operations Concerns 
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Operations-Driven IME Results 

. OEPSS experience base applied to an upper stage study contract 
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Operations-Driven Space Transfer Propulsion Operational 

Efficiencv Study (STPOES) Task 
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Propulsion System Energy Requirements 
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STPOES Conceptual Design Requirements 
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Lunar Lander Operational Attributes 
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Operations-Driven STPOES Architecture 
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Operations-Driven STPOES Architecture 
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First Lunar Outpost (FLO) Concept 
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STPOES Concept A-Integrated Modular Propulsion System 

Integrated (engine and conventional propellant tanks) System 
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STPOES Concept A--lntegrated Modular Propulsion System 

Integrated (engine and conventional propellant tanks) System (part 2 ) 
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Lunar Lander Concepts A and B 
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STPOES Concept D -- Integrated Modular Propulsion System 

Combined Descent & Ascent Stages 



Rockwell International 

Rocketdyne Division 



E 

a> 

go 


CO 

O CM 

Si 

3S 

Q.*s 

o§ 

a. to 

i_< 

«o3 

3 c 

■a « 

O 8 

"2° 

OTJS 

D>« 

a>H 

c£ 


fl) 

QO 

+- o 

0.0 

O "D 

O 0 

c E> 

O <2 

O c 

W UJ 

CO 

LU 

O 

Q. 


O 

c 

3 

« 

O 

C\J 

CO 

CD 

CO 

CO 

CD 

k- 

T3 

T3 

CO 


c 

CO 

'<0 

CD 

T3 


CL 

CD 

O 

C 

o 

O 

CD 

_c 

4-» 

CD 


c 

05 

'<0 

CD 

~o 

E 

jd 

CO 

>* 

CO 

c 

o 

JO 

3 . 

Q_ CO 

2 E 

Q_ 0 

Q C 

— o 

CL O 
© t/5 
© C 
0.2 
O 03 
0 0 

F Q- 

— o 


a? 

f ' 

03 

JO 

C 

W 

“a5 

CL 

O 

k_ 

CL 

C = 
CD 
05 
> 
X 

O 

~o 

c 

03 

c 

CD 

05 

2 

“O 

X 

CD 


C 

o 


CD O 
— : 03 


CD 


O 


<0 3 

S--S 

si 

3 *•- 
M— CO 

o .2 

^s. 

« E 


03 


O 


w 

Q ^ 

O.T3 

0© 

gg. 

o 2 


CO 


\ 


Rockwell International Facing Pages STPOES 

Rocketdyne Division TH/th 9/23/93- 1 6 



Concept D -- Integrated Modular Propulsion System 

Combined Descent & Ascent Stages 
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Lunar Lander Concepts C and D 
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Lunar Lander Operations-Driven Architecture Evolution 

Operations-Driven STPOES Results 

• High engine system reliability (Re) -- Exceeds reliability goal 0.994 
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STPOES - HYBRID CYCLE 

2 T/P + 4 T/C (Fvac=80000 klb lsp=478.1 sec) LOX 
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STPOES Reliability Prediction 
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STPOES Reliability Prediction 
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STPOES Addresses Operations Concerns 

No. 

Closed aft compartments (33) Gimbal system 
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Driven Propulsion System Architecture 
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Operations-Driven Propulsion System 
Architecture Simplification 
Drives Technology Development Needs 

• Oxidizer-rich preburner 
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Pursuit of operations enhancing technologies will prepare 
for development of more affordable space vehicles 




STPOES Operations-Driven Results 
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Operations Experience Continuously Applied 
to all Future Propulsion Concepts 

Must be Primary Focus of Conceptual Architectures 
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Why is LOI Needed? 
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Why is LOI Needed? 



are quantified; but the important and critical measurement 

of operations is missing 



LOI Addresses Complete Launch Operations 
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LOI Addresses Complete Launch Processing 

Flight Checkout and Verification 
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A tool is needed for measuring system 
operations efficiency 
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The Launch Operations Index "LOT is an effective, strategic tool 




Initial Index Approach Focused on Launch Processing 
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Initial Index Approach Focused on Launch Processing 
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Methodology for Evaluating Ops 
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Development Effort is Extensive in Nature, but Has Merit 








Operations Tree Approach to LOI Not Completed 
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Operations Tree Approach to LOI Not Completed 


CO 

+-• 

CO 

U) 


CO 

CO 

a> 

o 

o 


o 

_<o 

fl) 

> 

a> 

To 

o 

c 

o 

■ 

CO 

3 

CO 

> 

o 

CO 

o 


c 

o 

oc 


CO 

a> 


c 

CO 

3 

c 

a> 

D) 

i 5 

G) 


D> -S 

e co 


CO 

c 

a> 

E 

JQ) 

0 ) 

>» 

£ 

CO 

E 

o 

0 ) 

CO 


CO 

> 

a> 

■D 

c 

CO 

u> 

c 

■ 

a> 

CO 

Ui 

0 > 


D - 

a> 

co 2 
co 

3 ■O 
CO rn CO 

!c Q 
a> '55 • 

1 8 

?S 

o 


CO 

> 

CO 


CO 


CO 

CO 

a> 

o 

O 


o 

c 

3 

2 

To 

3 

o 

CO 

£ 

■o 

a> 

V. 

O 

O 

£ 

CO 

X 

a> 

TJ 


= > 


Q. 

I >• 

® -O 


a> .3 
■o co 

2 o 

■o 0 ) 

CD Q. 

.h O 

3 O 

q- CO 

CD *o 
£ 

tr o 
o > 
5 = ® 

yj .Q 


TH/Bv 10/5/93-3 
Backup D to 
Ops Driven Des. 


LOI Approach Developed 


O) 

c 

*0 
0 
0 ■ 
o T3 
O 0 


O 

c 

JO 

15 

3 


c 

o 

“D 

0 

if) 

CO 

-Q 


0.2 


if) 


"O 

■4— » 

0 

0 

C 

c 

0 

E 

tr 

0 

o 

0 

0 

03 

C 

0 

'0 

JO 

0 


0 

o 

o 

o 

0 

"O 

v_ 

Cl 

3 


» 

C . 

’c 

0 C/D 


03 
CO 

® E 


Ec o 


n w ±z 


__ CL 
O LU 


= 5 

3 ^ 

® o 


> r= W 

rrf a 


o 


0 
CO 
3 
0 
O 
0 
T3 CD 
0 


C 

o 

’co 

’> 

c 


O) 

c 

0 

0 

0 


0 o 

if) O 
§ Q. 

— o 
O jo 

— 1 0 
c > 

0 J0 

tT c® 
2 o 

* c 
C/D O 
C/D S3 
CL § 

0 
> 


LU 

o 

0 0 

p 3 © 
■C eg 

© © 
□ "D 


© 

5° 
2 _0) 
CO 5 
> CO 

co — 
■*-> co 
o > 

C CO 

<D co 
*= O 
CO o 

CO 3 
co O 

■o £ 

CD »- 
© CD 

. co £ 
8? 
-o o 

T3 >> 
c 2 
CO -O 

co © 

© *5 
■o 2 

^"O 

0 c 

0 3 

0 o 
0 

O 0 
0 0 
c 5 

£r 
o 


c 

*0 

■ 4 —* 

X 

o 


0 

O 

a. 

Cl 

0 


"O c 

S.e 

ro _© 

-Q U 

© §- 
O o 

© Q- 
© _ 
•© © 
© k - 
O© 

0 0 
03 

CL S 

o ° 
W 0 

0 0 
-C o 


c 

o 

"O 

0 

0 

0 

X 

0 


I s 

a3 "co 

Q. © 

s§ 

ffl 2 

> Cl 


o 

— 0 X 

o = c 
”03 

O 0 


sz 

5 


— © c 
0£ o 
— 1 © 

© © CO 

£ .M -o 

i- ’.© "O 
O © * 

"O Q *© 
® ® 
&8-S 

Q. JO 


0 
© © 


°-© 


"O CO © 

<o 2 5 
© h- 3 
^ .® 

■gsf 

© “ o 

8c® 
air o 
Q. 2 © 

© g Q. 

c o c 
© o — 

co ^ 

^ s 

*2 S 

*© © 


c 

© 

E 

E 


© © _ 
r© 0.0 

H O O 


O O 
ra ® 

c=o 
~ © 

— © 

© > 

_o © 

S-2 

°i 

© O 

0 ) 0 - 
o © 

&& 

u. *- 

© o 
© o 

i" ^ 
§1 
°jE 
© ^ 

CL • 

o © 
o2 
Q- >, 

© © 

. c 
sz o 

o © E 

k_ Q. i_ 
CL o O 

CL* 5= 
© O-_C0 

= 2.-*= 
g= O 

* 03 c 

0 c — 

cf © 

8©^ 

w^-p 

o © © 

"E T3 © 

5 ©s 

© m -J= 

0.-2 CO 
o p. Q. 

© E E 

rOo 

O o 


c 

o 


©^ 
®»!5 

© XJ 
w CO© 

© © o 

CQ -C -Q 


Rockwell International 

Rocketdyne Division JZ/dps 09/23/93-5 




CO 

CO 

*D 

U) 

c 

'0 

0 

0 

o 

O 

Cl 

r T 5 

o 2 

c co 


D) 

c 

0 

CO 

a> 

o 

o 


o 

« 

a> 

> 

a> 

0 

*+— 

O 

c 

o 


CO 

4-1 

c 

0 

E 

a) 

0 

> 

C 

0 

E 


co O co Jr 

I 0 
0 Q. 

3 O 

o ° 

0 W 

g > & 

£000 

O CD CC Q 


0 

3 

0 

> 

0 

0 

0 


0 

n 

0 

0 

> 

0 

c 

3 

0 


o O 
£: c 

LU 0 


CO 

CO 

ii 

c*«- 
O 0 

°3 
CO Q. 
CO C 

gj® 

og 

S-- 

O *- 
_ 0 
^ Q. 

<J> X 

CO m 

0 ^ 
O CO 

“ c 

0.2 


0 


0 


o 

5 - CL 

s*° 

— ■D 

O £ 

->3 

<2 c 

CO® 

car 

0 • 

< 


T 5 

0 

>* 0 
+-» — 

3 E 

E 0 

E £ 
o E 
o 0 

n 

0 O 

1 K 

3 — 

g-O 

2 " J 
Q. 0 
— Q. 
0 >» 

0 O 

|2 

O CL 




0 

CD 

E 

0 

jc 

4 — > 

0 

>* 

0 

n 

0 

im. 

c 

O 

0 

■ mmm 

0 

0 

n 

3 

0 

Q. 


O 

0 

3 — 

> 

a. 

0 

0 

E 

4 — » 

0 

0 

L. 

0 

Ui 


O 

a 


0 

o 


£ 0 

■|g.i 

.? > 0 

“ n 0 

« 2 7 

0 o n 

U) C. ’CZ 
0 Q. 0 
0 ^ 0 . 

o 2 E 

■D 0 O 
< CD O 


^r 

© 

CD 


T 3 

3 


CM 


CO 

. 5 

CO 

CO cn 


CO 

Q- 


yj a 

O -D 


CO 

c 

0 

1 c 
5 .£ 
£ « 

0 > 

c o 

■“ © 
zz c 
m > 

1 2 

5 S 
u o 
o o 
CE CC 



.o 


\M 


(/> 


</> 

a> 


(0 

a> 


O) 

co 

a> 

a 

75 

c 

'5> 

■■■■ 

o 


CD 


CO 
0) 

« § 

•sic 

gj o "o 

s 2 § 

■£ 

o 

° o o 
■m Q-(fl 
co O m- 

: — Q. CD 

E 

g E? 
o o $ 
oi_ 

CO © « 
CO 

<~> 03 

•- o 

O a) 

r £ 

£ CO 


CL 

LLI 

O 

<u 


■c 

o 

> 


“-© 
w g 
© 


8 g © 

a 

CO CO CC 
§ © © 

- 5,? 

© 'w 5 

E ® o 

Q.^ 5 7T 

i2 © '♦- 

© C CO 

©!S>8> © 


o © 

_J £ 


0 

£ 

C 

0 


05 

0 


05 eg 


X cu 

Q-J= 

c tr 
o 


0 

L. 

0 


^ 0 
-- 0 
CL-C 

3 C ^ r- 

“HI 

§■§ 

0 . 0 o 

f If s 




Rockwell International 

Rocketdyne Division LOI Fac Page Text 

JZ/Bv 1 0/8/93- 6 




(0 

0 


CO 

0 

LL 

C 

U) 

0 

0 

Q 




o> 


6o .2 


<o 

E 

o 

_ D 

3 < 

O) 4-* 


c 

o 

3 

CO 


c 

o 

o 

c 

0 

E 

t: 

CO 

Q. 

E 

o 

o 


3 

O 

JO 

o 

© 

JC. 

O 


© 

© 

i_ 

Ui 

© 

D 


0* 

© 

4-> 

c 

© 

"© 

Q. 

O 


© 

CL 

> 

t: 

1 - 

© 

A 

E 

3 


t- CM 


CO 



© 

> 

O 

O 

© 

cc 



o 

'« 

3 

Q. 

O 

la. 

Q. 


© 
• mm 

x 

3 

< 

lO 


£ 

© 

E 

£ 

© 

>» 

co 


© 

o 

c 

© 

c 

TJ 


■ 

CD 


CO 

0 

a 

>% 

H 


E 


0 

4-» 

0 

>* 


c/> 


o 

0 

3 

O 

< 


a 

N- 



lO 

© 

CL 

>» 

H 


E 

3 

© 

>. 

co 


© 

o> 

1 _ 

3 

0. 


o> 


1 


"■a 


(X) = Weighting Factor 


Conceptual LOI Developed from Experience Base 
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Conceptual LOI Developed from Experience Base 
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LOI Computational Methodology 
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LOI Computation Methodology 
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Propulsion Design Features Based on 
Operations Concerns 
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Propulsion Design Features 
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Design Feature #1 -- Compartment Configuration 
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Default for this feature = 3 (reflects current typical configuration) 


Design Feature #2 - Checkout Automation 

Checkout automation is one of the strongest drivers in reducing ground operations because it 
Infects not only the speed at which check-out can be accomplished, but equally important 
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Design Feature #3 - Number/Type of Propellants 
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Design Feature #5 - Auxiliary Propulsion 
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Design Feature #5 - Auxiliary Propulsion 
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Design Feature #6 - Non-propulsive Ordnance Systems 

This design feature addresses ordnance other than solid rockets. The impact of such systems is 
strongly influenced by safety considerations, especially when personnel clearing dictates serial 
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Design Feature #7 - Valve Actuator Type 



Design Feature #8 - Heatshield Type 

Heat shields play a role in operations not only because they require installation and servicing, but also 
because they can obstruct accessibility to other subsystems and components. Ease of installation and 
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Design Feature #9 - Pneumatic System 

The effort required to service and checkout a pneumatic system is a function of the number of 
components in that system. The number of active components (such as valves) obviously has a greater 
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Design Feature #9 - Pneumatic System 
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Design Feature #10 - TVC System Type 

As with other design features, the impact on operations of a thrust vector control (TVC) type is 
dependent on that feature's complexity. The most simple, and therefore the most operable is ' 
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Design Feature #10A - TVC System Power Source 

For the TVC power source, operability is a function of hardware complexity and the number and 
handling difficulty of any required fluids. 
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Design Feature #10A - TVC System Power Source 
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Design Feature #11 - Fluid Ground Interface Type 

Operations impact of the fluid interface type is a function of the umbilical systems requirements for 
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Design Feature #12 - Oxidizer Tank Press Systems 
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Design Feature #12A - Fuel Tank Press Systems 
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Design Feature #13 - Oxidizer Preconditioning 

The difficulty in providing oxidizer preconditioning to satisfy engine start requirements is dependent 
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Design Feature #13 - Oxidizer Preconditioning 
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Design Feature #13 A- Fuel Preconditioning 
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Design Feature #13 A- Fuel Preconditioning 



Design Feature #14 - Component/Subsystem Accessibility 

Access to components may be required for checkout, servicing, maintenance, or replacement. The 
ease with which this access possible has an important contribution to operability. Ease of access must 



Rockwell International 

Rocketdyne Division '-Ol Fac Page Text 

JZ/Bv 10/8/93- 24 



Design Feature #14 - Component/Subsystem Accessibility 
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Design Feature #16 - Hardware Integration 

Lack of subsystem integration reduces operability by precluding simultaneous servicing or checkout 
of the various propulsion subsystems. Differing requirements between separate subsystems also 
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Desian Feature #16 - Hardware Integration 
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Design Feature #18 - Number of Main Engines 

The number of main engines is one of the most important factors in the overall propulsion system’s 
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Design Feature #18 - Number of Main Engines 
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Operations Efficiency for Booster Propulsion Systems 
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An example of LOI used as an effective "strategic" tool for 
evaluating operations for space launch systems 
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Operations Efficiency for Space Propulsion Systems 

Another example application of the LOI as a conceptual design tool is illustrated for a conventional 
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An example of LOI used as an effective "strategic" tool for 
evaluating operations for space launch systems 




STPOES Identified Need for In-Space 

Operations Index 
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In-Space Operations Index (ISOI) 
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In-Space Propulsion Operations 
Major Categories 
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In-Space Propulsion Operations 
Major Categories 
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LOI Methodology Should Be Extended 
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LOI Methodology Should Be Extended 
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LOI Approach Applies to Various Levels 
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Approach Applies to Various Levels of Operations 





Example of Program levels 
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Approach Applies to all Levels of Operations 
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Added Work is Needed Now for LOI 
to Become an Industry Standard 
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Our Industry Must Have Operability 

Figure of Merit 
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OEPSS...one step in the right direction 
...many steps must follow" 
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Some Programmatic Firsts 
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Additional OEPSS Tasks 


CD $ 
il 03 

CD r- 


C 

CO 

= -►- C 
0) — 


CO CD T3 o 

CO _Q CO "O 
Q--^ Q-.E CD 


O 
3 
CO O) 


Q.$ CO o “"O g 


Q-^-C 


E 

CO >* co 
“ £ CO 

Si 


CD 


>N-~ 

■§ g 

is 


- ^ « g E ffl ® 

E — CO CO 3 0"> 00 
CD 


C !2 <D 


O to — 


§.« 0)0 > 

^ru=«j23ot w n0^2o 

to8.&-8Sig?Bl8'?li® 

S=!S.s!5? 



<D CO 


8 ££ SfiiTlTi? 


g>-2 fc ?°S 

-n #— O /.s 



CD X 
- W fl) 


cc 


CD 


CD £ 
C m- 

o o 


8-112 ® 

go co 7c o)t J2 © *= -s 3 .-£ »- 

C S- C *= K CO ~ w - w 0) 0)0 


em ^.£8g£lll« 


I 

55 

0) ±5 

£ o 

O) CO Q) Q = o r - S "co 
j= 3 Q- o n rn -XC t ro — 

O' “ - - - 


<0 


© 


18al*.5SS&s«f 

8S?cps=S®i> 3 

m £ 3)0 >CJ~0._55©5 




O) o o S o 

/A X. W 


-c 

CO 

-C 

o 


w w ■ j h— v# •— w w r — i: ■ ■ ■ r i 

O CD £ £iS g«£<r § . C 

E « --S c £ co © 5 £ ^ 5 °^g 2 

3 _ <3 s= tlul r^caco^o® 

r- -C- C m >»“ •+-» rrt — X i-t* •#-- r- > n 
W O 
C 


i-8 -b 

0-3 


r +; C 3 C O >,0 O 
*- 2 •- o O)— C $ _Q 

o ct:< « 


«> fl£° <® Q_'h= 5 . 0 "O ~ -Q 

SS»«aI l 8«>gfl*gE® ! g 



OJ 

CO 


5 


CT> 

o 

<f> 

% 


5 

O 


c 

0 

1 O 
“ © 

0 > 

c Q 
— © 
s c 

m 5 k 

1 s 
5 s 

2 *5 

O o 

cc cc 
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From the Launch Site 
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The Voice of Operations Experience 

OEPSS Identifies Major Operations Concerns and Impacts 
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Origin of OEPSS Technologies List 
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Identified operations technologies that have high payback 

and are achievable 





Operations Experience Continuously Applied 
to all Future Propulsion Concepts 

Must be Primary Focus of Conceptual Architectures 






Why is LOI Needed? 



Cost, performance, reliability, and technology maturity, 
are quantified; but the important and critical measurement 

of operations is missing 





Approach Applies to all Levels of Operations 
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Approach Applies to all Levels of Operati 
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The Foundation of OEPSS 
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Reward of the OEPSS Efforts 


® CO 

H 'V 

3 CO 

55 3 
to > 

£ S 

LU I 


o £ 

a> ° -c 

o t ** 
c co w 

C8 Q," 

E - ■£ 

0) CO r 


o 

o 


1 .1 


o 


CO 


O) _ 

CO £ c 
- C CO 

co — 

3 

"O _ 

CO CO jz 

® ST £ 

CD j* CO 
£ CO CD 
O) w a 

c 


CO 

c 

o 

■ HHI 

o 

"D 

0) 


(/) 
CO 

o 

o 

CO 

c 

e -i 


- O € 


8'gs 

| I 5 

I 5 C 

„ a> a) 
— O a> 

c t- ° 

[[ (8 ® 


CO 


c g 
co o. 
3 O 
D" 


0) 


CO 

c 

CO 


CQ 


2 ■! 
a> > 
c Q 

<D 

= C 

I 2 

S o 

O o 

cc cc 




Operations Must Be interactive 
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OEPSS Deliverables 
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